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(57) Abstract: A self-piercing rivet has a hollow deformable shank (10) with a pierc- 
ing edge (II) for insertion into sheet material (14,A,B). A piercing end of the shank is 
covered by a cap (12, 30, 40, 50, 60 71)of material. The cap defomis around the shank 
and its piercing end as the rivet is inserted into the sheet material, and acts as a top 
layer of sheet material. This ensures that the piercing edge does not perforate the sheet 
material, enabling use of the rivet to join very thin sheets of material, or in the case of 
a rivet stud, enabling its insertion into a single sheet of material. 
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SELF-PIERCING RIVET 

The present invention relates to a self-piercing rivet, and more particularly to a 
self-piercing rivet of the kind which is inserted into sheet material without full 
penetration such that a deformed end of the rivet remains encapsulated by an upset 
annulus of the sheet material. 

Self-piercing rivets of the kind defined above, and methods and apparatus for 
inserting such rivets into sheet material are described in WO-A-94/14554; FR-A- 
2350901; EP-A-0172171 and EP-A-0129358. ; • 

A known self-piercing rivet is illustrated in Figures 1 and 2 of the 
accompanying drawings. As shown in Figure 1, the rivets 1 have a head 2 and a 
cylindrical shank 3 that tenninates in an annular edge 4. As the rivet is driven into 
two overlapping sheets of material 5, 6 over' a suitably shaped die (not shown), the 
shank is caused to flare outwardly into the shape illustrated in Figure 2. The sheets of 
material 5, 6 are caused to deform around the shank, creating an annulus that 
encapsulates the shank. The shank 3 and edge 4 of the rivet remain embedded in the 
sheet material 5, 6 after the rivet has been set. 

In use self-piercing rivets of the kind defined and shown in Figures 1 and 2 
generally provide a satisfactory join if the sheets of material 5, 6 are sufficiently thick 
so as to allow the rivet shank 3 to deform evenly. However, if the sheets of material 
are very thin or a self-piercing rivet stud is inserted into a single sheet of material (to 
serve, for example, as an electrical earth stud), uneven rivet or sheet material 
deformation can occur. This results in poor joint quality in the finished article and 
may render the joint susceptible to failure or corrosion. Moreover, if the rivet 
penetrates the sheet or sheets the strength of the joint is affected and the joint is again 
vuhierable to corrosion. 

It is an object of the present invention to obviate or mitigate the aforesaid 
disadvantages. 

According to the present invention there is provided a self-piercing rivet for 
insertion into sheet material, comprising a main body with a deformable shank that 
has a piercing end, and a portion of material attached to the main body so as to cover 
the piercing end. 
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The portion of material attached to the shank provides the rivet with a "c^" 
which deforms around the piercing end of the shank as the rivet is inserted into the 
sheet material in the same way as a top layer of sheet material would deforai around 
the rivet in a conventional process. The cap thus serves as or simulates a top layer of 
sheet material and ensures that the piercing end' of the rivet does not penetrate the 
sheet material into which it is inserted. The rivet can therefore be used to join very 
thin sheets of material, or in the case of a rivet stud, ensure insertion into a single 
sheet of material without penetration. The cap may be constructed or metal or plastics 
material and may be manufactured in many ways such as, for example, fiom sheet 
material, forged, diecast or tumed, provided it is suitable for forming part of the 
riveted joint. 

It should be noted that the word "rivet" as used herein and in the claims is 
intended to cover both rivets and rivet studs (which have a projection extending Jfrom 
the rivet head). Other self-piercmg fasteners such as, for example, tubular fasteners, 
bifurcated rivets, split rivets, or coining rings are also intended to be covered by the 
word "rivet". • 

The portion of material is preferably attached to the shank of the main body 
and preferably to the piercing end of the shank but may be attached at another point 
on the main body providing the cap is disposed so as to cover the piercing end. 

The cap may extend outwardly of the piercing end in order to provide 
sufficient miaterial so as encapsulate the deformed piercing end of the shank in the 
finished joint. Encapsulation of the shank ensures a good quality of join or rivet stud 
placement. The piercing end of the shank may be received in a recess in the attached 
portion of material. Additionally or alternatively, the piercing end of the rivet may be 
partially mserted into the portion of material attached to the shank. 

The portion of material may be attached to.the shank by means of a press-fit or 
fiiction fit engagement or alternatively by a suitable bond. 

In a fiirther embodiment, the shank of the rivet is at least partially hollow and 
the attached portion of material has a projection that projects into the hoUow interior 
of the shank. The projection may be in the form of an integral stud or nipple or may 
be provided by deforming the material out of its plane. The portion of material may be 
wholly or partially received in the interior of the shank 
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Embodiments of the present invention will now be described by way of 
example with reference to the accompanying drawings, in which: 

Figure 1 is a part-sectioned view showing a prior art self-piercing rivet; 

Figure 2 is a sectional view showing a riveted joint made using the self- 
piercing rivet of Figure 1 ; 

Figure 3 is a part-sectioned view of a self-piercing rivet stud according to the 
present invention; 

Figure 4 is a part-sectioned view of an alternative embodiment of the self- 
piercing rivet stud according to the present invention; • 

Figure 5 is a part-sectioned view of a tinird embodiment of the self-piercing 
rivet stud according to the present invention; 

Figure 6 is a part-sectioned view of a fourth embodiment of the self-piercing 
rivet stud according to the present invention; 

- Figure 7 is a part-sectioned view -of a fifth embodiment of the self-piercing 
rivet stud according to the present invention; 

Figure 8 is a part-sectioned view of a sixth embodiment of the self-piercing 
rivet stud according to the present invention; 

Figure 9 is a sectional view of the self-piercing rivet stud of any of Figures 3 
to 8 ins erted into a sheet of material; 

Figure 10 is a sectional view of a seventh embodiment of the self-piercing 
rivet stud according to the present invention inserted into a sheet of material; 

Figure 1 1 is a sectional view of an eighth embodiment of a self-piercing rivet 
of the present invention; 

Figure 12 is a sectional view of a ninth embodiment of a self-piercing rivet of 
the present invention; 

Figure 13 is a sectional view of a trath embodiment of a self-piercing rivet of 
the present invention; 

Figure 14 is a sectional view of an eleventh embodiment of a self-piercing 
rivet of the present invention; and 

Figure 15 is a sectional view of a rivet of the present invention being used to 
join two sheets of material. 
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Referring to the drawings, the rivet of Figure 1 and the riveted joint of Figure 
2 have already been described above with reference to the prior art. 

Referring now to Figures 3 to 8, the invention is illustrated with reference to a 
rivet stud. It is to be appreciated that the invention has application to other rivet types. 
Each exemplary rivet stud 7 comprises a head 9, a hollow shank 10 and an upwardly 
directly threaded stud 8 projecting from the head 9. A piercing end of the shank 10 
has an internal chamfer 10a so as to define a piercing edge 1 1. A cap 12 comprising a 
section of sheet materiial is secured at or near the piercing edge 11 so as to coyer the 
piercing end of the shank 10. The cap 12 may be made of any appropriate material 'to 
suit the application such as, for example, metal. In addition, it may be coated with a 
material to suit the application 

Various configurations of the cap 12 are contemplated by the present 
invention. Six alternative cap 12 configurations are illustrated in Figures 3 to 8, 
although it should be appreciated that many more types of cap 12 are possible than 
those illustrated. Referring firstly to. Figure 3, cap 12a is formed of a flat piece of 
sheet material that is retained in the shank 10 by a deformation 16 out of fhe plane of 
the cap 12a that projects inwardly into the hollow of the shank 10. 

In the embodiment shown in Figure 4, the piercing end of the shank 10 is 
received in a recess in the cap 12b that is shaped so that it is a tight press-fit or 
fiiction-fit around the outside of shank 10. Li Figure 5 there is shown a rivet stud 7 
with a'cap 12c that is fomied of a flat piece of sheet material and is bonded to the 
piercing edge 1 1 by welding, gluing or other suitable means. In Figure 6, the rivet has 
a cap L2d of sheet material with an upstanding integral stud 13 that fits into shank 10 
and fills much of the interior volume defined by the hollow of the shank 10. This 
allows the rivet stud 7 to be used with very thin sheets of material. In the embodiment 
of Figure 7, the cap 12e has an integral nipple 13a with a generally conical surface 
that projects into the interior of shank 10, the conical surface being concave between 
its apex and base. This shape promotes more even and wider flaring of the rivet when 
used with thin sheets of material. The rivet stud shown in Figure 8 has a cap 12f that 
is formed of a flat sheet of material and is attached to the rivet stud by partially 
inserting the piercmg edge 1 1 of the shank into the cap 1 2f 
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The caps 12a to 12f may be secured to the piercing end of the shank in any 
convenient way in addition to or as an alternative to those described. 

A rivet stud as shown in any of Figures 3 to 8 is punched into a sheet of 
material using a known riveting apparatus and method, such as that described in WO- 
A-94/14554 or EP-A-0172171. Typically, a punch of the rivet setter apparatus (not 
shown) is extended from the body of the rivet setter under hydraulic pressure to apply 
an insertion force to the rivet or rivet stud so that it is driven into the sheet or sheets of 
material with the cap 12. In an alternative method the rivet may be inserted by a rivet 
setter that is powered by a servo-controlled electric actuator. 

Figure 9 shows a rivet stud 7 of the present invention inserted into a single 
sheet of material 14. The shank 10 of the rivet stud has flared outwardly so as to 
deform both the cap 12 and the sheet material 14 into an encapisulating upset annulus 
15. The cap 12 is wholly contained between the sheet of material 14 and the shank 10 
and deforms around the rivet hke a second or top layer of sheet' material in a 
conventional riveting operation. The piercing edge 11 of rivet stud 7 is prevented 
from penetrating the sheet 14 by virtue of the cap 12 and the corrosion and weakness 
problems associated with ttie riveting of single or thm sheet material are significantly 
reduced or eliminated. 

Figure 10 is a similar view to Figure 9, except that it illustrates a rivet stud 7 
having a wider head 9 than that illustrated in Figures 3 to 9. This means that head 9 
sits proud of the surface of material 14, which maybe desirable in some applications. 

The rivet of figure 1 1 shows an alternative embodiment of a rivet in which the 
cap 30 not only extends into the hollow part 31 of ttie rivet shank 32 but also extends 
over the exterior surface of the shank 32 so that it is contained within the general 
profile of the rivet. A variation of this design ' is shown in figure 12. In this 
embodiment the cap 40 is received within the hollow 41 of the rivet shank 42 and 
extends over the piercing edge 43. The cap 40 is thus received entirely within the 
rivet. The rivet designs of figures 1 1 and 12 enable existing rivet setting and handling 
equipmerlt to be used without the need for adaptation thereof. 

The cap may be in the form of a hollow cyUnder 50 with a radially outward 
extending flange 51 at one end as shown in figure 13. The cylinder 50 is received in 
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the hollow shank 52 of the rivet with the flange extending across the piercing edge 1 1 
of the rivet. 

The cap 60 may have annular grooves 61 in which an adhesive may be trapped 
as is shown in figure 14. 

The embodiment of figure 15 shows a capped rivet 70 poised for insertion into 
two overlapping thin sheets A, B of material. The cap 71 in the fonn of a section of 
sheet material overlies the overlapped area and is pierced by the rivet during insertion 
as if it was another sheet of material. 

The capped rivets may be used not only on a single sheet or a join in two thin • 
sheets but also in applications where a lower thin sheet is being joined to a thicker 
upper sheet. The cap serves to prevent the rivet breaking through the lower sheet It is 
also contemplated that they may be used in applications where the material being 
joined has variations in thickness. 

It is to be appreciated that the present invention may be used with rivet* 
configurations that are not shown in the accompanying dravmigs. In particular it is to 
be understood that the present invention may have apphcation to rivets 'that do not 
have a hollow shank. Moreover, it is not necessary for the cap to be wholly contained 
within the riveted joint. In some appUcations the cap shape may be designed such that 
it has a secondary fimction in the finished product. For example, the cap may be 
formed such that, when joined to the sheet material it serves as a raised flange on the 
sheet as w ell as forming part of this riveted joint. The cap may have anti-rotation lugs 
or the like on its lower surface so that after insertion the lugs grip the upper surface of 
the sheet material so as to improve the torsional strength of the rivet. 
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CLAIMS . 

1. A self-piercing rivet for insertion into sheet material and comprising a main 
body with a deforaiable shank that has a piercing end and a portion of material 
attached to the main body so as to cover the piercing end, 

2. A self piercing rivet according to claim 1, wherein the attached portion of 
material is attached to the shank of the main body. 

3. ' A self-piercing rivet according to claim 2, wherein the attached portion of the 

material is attached to the piercing end of the shank. 

4. A self-piercing rivet according to claim 1, 2 or 3; wherein the attached portion 
of material extends outwardly of the piercing end. 

5. A self-piercing rivet according to any one of claims 1 to 4, wherein the 
piercing end of the shank is received in a recess in the attached portion of 
material- 

6. A self-piercing rivet according to any one of claims 1 to 4, wherein the portion 
of material is attached to the shank by virtue of the pierciag end being partially 
inserted into said portion. 

7. A self-piercing rivet according to any one of claims 1 to 6, wherein the 
attached portion of material is attached to the shank by means of a press-fit or 
friction fit engagement. 

8. A self-piercing rivet according to any one of claims 1 to 6, wherein the 
attached portion of material is attached to the shank by a suitable bond. 

9. A self-piercing rivet according to any previous claim, wherein the shank of the 
rivet is at least partially hollow. 
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10. A self-piercing rivet according to claim 9, wherein the attached portion of 
material has a projection that projects into the hollow of the shank, 

11. A self-piercing rivet according to claim 10, wherein the projection is in the 
form of an integral stud. 

12. A self-piercing rivet according to claim 10, where the projection is in the form 
of an integral nipple. 

,13. A self-piercing rivet according to claim 12, wherein the nipple has a generally . 
conical profile. 

14. A self-piercing rivet according to claim 13, wherein the conical profile of the 
. cap is concave between its apex and its outer edge. 

15. A self-piercing rivet according to claim 10, wherein the projection is provided 
by deforming part of the portion of material out of its plane. 

16. A self-piercing rivet according to aiiy preceding claim, wherein the rivet is a 
rivet stud. 

17. A self-piercing rivet according to any preceding claim, wherein the attached 
portion of material, in use, forms part of the riveted joint. ' 

18. A self-piercing rivet accordmg to any preceding claim, wherein the attached 
portion of material is designed to provide a structural feature on the sheet 
material. 



19. 



A self-piercmg rivet substantially as hereinbefore described, with reference to 
any one of Figures 3 to 15 of the accompanying drawings. 
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